Abstract. In this paper, time series data in 2007-2016 are used as samples and Grey Correlation Analysis is used as methods to assess the coordination degree of Shandong port cluster and regional economy. The results show that the development of Shandong port cluster can obviously promote the growth of the hinterland economy and the economic growth will also promote the development of port cluster. Therefore, there is a close interaction and coordination relationship between Shandong port cluster and the regional economic development. Finally, the countermeasures and suggestions for the coordinated development of the port and hinterland areas are put forward, which can be used for the reference for the future development of the two sides.
Introduction
Shandong port cluster is an important part of Bohai Rim port cluster. Its geographical location is superior, its coastline resources are abundant, and the hinterland economy is full of vitality. So, Shandong port cluster have obvious location advantages and huge development potential. In this context, it is necessary to measure the coordination degree of Shandong port cluster and the regional economy, and provide scientific reference and suggestions for healthy development.
Analysis of Shandong port cluster and regional economic development

Analysis of Shandong port cluster development
Shandong port cluster is the Northeast Asia regional traffic hub，and has the basic conditions for long-term development. Shandong port cluster including Qingdao Port, Yantai Port, Rizhao Port three million tons of the main hub ports, some regional key ports like Weihai Port, Weifang Port, Binzhou Port, Dongying Port, and some general ports like Shidao Port, Rushan Port, Yangkou Port, and so on. Shandong port cluster has nearly 500 productive berths, of which there are nearly 200 berths over ten thousand tons. In 2016, the port throughput of the whole province reached 14.9 hundred million tons, increased by 4.9%. Coastal ports have completed 14.3 hundred billion tons, ranked second in the country and increased by 6.4%. The container throughput was 25 million 90 thousand TEU, increased by 4.45% and ranked third in the country. Water passenger volume was up to 20 million, flat with the year-ago figure. Water carriage volume was up to 150 million tons, increased by 2.3%.
The present situation of Shandong regional economy
Shandong economic aggregate account for the high proportion of the national GDP, and its annual growth rate is generally higher than the national average. As shown in Table 1, between 2007 and 2016, its GDP has been increasing, indicating that the regional economy developed fast and steady. Therefore, as one of the most dynamic regions of national economy, Shandong has formed an economy entity centered in provincial capitals and focus on big cities, which has a relatively completed spatial structure and development potential. However, the rapid development of economy does not mean the coordination and balance of the whole region. The repeated construction and disorder competition still exist. Therefore, how to get rid of the bottleneck and how to take advantage of the interaction and coordinated development between port cluster and regional economy are the key to achieve sound and fast economic development.
Research method
Construction of the index system
We select indicators that reflect the operation of Shandong port cluster from 2007 
Statistical method
We choose the Grey Correlation Model put forward by Prof. Deng Julong in 1980s.
Steps of grey correlation calculation are as follows:
The first step: Process the original data dimensionless. The primal transformation method is applied to transform the original number series, and the first data of the same sequence is divided by back original data respectively. Then a new multiple sequences are obtained, which are the initial value sequences. We get the dimensionless data.
The second step: Calculate the correlation coefficient. Set the reference sequence is X0, the comparison sequence (subsequence) is Xi. The reference sequence after data transformation is {X0(t)}, the subsequence is {Xi (t)}. At time t=k, the correlation coefficient L0i (k) of reference sequence {X0(t)} and subsequence {Xi (t)} can be calculated by the formula as follows: The third step: Calculate the coordination degree. The coordination degrees of two sequences are calculated by the average value of two sequences' correlation coefficients. .
R0i is the coordination degree of subsequence I and reference sequence o. N is the number of data.
The fourth step: Rank factors by correlation degree and list the association matrix. There are many factors that affect the social and economic development of the port and hinterland. In this paper, we use grey correlation model to analyze the relationship between port cluster and regional economy in Shandong Province, and determine the main correlation factors between the two, so as to provide a theoretical basis for their coordinated relationship.
Empirical analysis
The data are derived from We select the indicators reflecting major ports' performance of operation in Shandong province as the reference sequence, and the economic development of Shandong province as the comparison sequence. According to the calculation steps of grey correlation model, we calculate the correlation coefficient and correlation degree between reference sequence and comparison sequence by formula (1) (2), and get the incidence matrix according to the order of the project. It can be seen from the results that correlation degree between Port Throughput and economic indicators were higher than other indicators of operation except GDP Growth Rate, price index and Employment. What's more, the correlation degree of Port Throughput and Area GDP, the Total Amount of Social Consumable Goods, Per Capita GDP in the correlation matrix won the top three. The correlation degree between Container Throughput and economic indicators is slightly lower than Port Throughput. It can be seen that the Port Throughput has the most prominent role in promoting the economic development of hinterland, and the Container Throughput is the next.
Besides, Area GDP, the Total Amount of Social Consumable Goods and Per Capita GDP have the most obvious driving effect on the operation development of port cluster. Total Value of the Second Industry are closely related to the operation of port cluster, while Fixed Assets Investment and import and export trade play an significant role in driving port development. CPI, RPI, and GDP Growth Rate have a weak interaction with port cluster.
In the macro view, the correlation degrees between the operation development of Shandong port cluster and the economic development were almost higher than 0.6, reaching a significant correlation. Therefore, we concluded that the development of Shandong port cluster can obviously promote the growth of hinterland economy, while the growth of hinterland economy will also significantly drive the development of port cluster. There is a close interaction and coordination relationship between Shandong port cluster and regional economic development.
Conclusions and suggestions
Based on port operation indicators and regional economic indicators, the driving role of port economy to urban economy is studied by using grey relational model, and the promotion role of urban economy to port economy is analyzed. Conclusions are drawn as follows:
1.
Shandong port cluster operation indicators increased year by year, Waterway Freight Volume and Waterway Freight Turnover has shifted since April 2012 due to net of Qingdao ocean freight and cargo turnover, eleven indicators of economic development in the hinterland were showed a trend of rising year by year. The development trend was consistent between the two.
2. Shandong port cluster and regional economy have a high correlation. They must coordinate in order to achieve good social and economic benefits.
3.
The industry and agriculture in Shandong Province still need to be strengthened, and the port has not been fully utilized.
Under the background of global economic integration, we should not only enhance the driving role of port cluster to the hinterland economy, but also stimulate the promoting role of regional economy to port construction, so as to achieve the goal of common development.
1. Shandong should insist on the principle of outstanding characteristics, unified layout and reasonable planning, strengthening and improving functions of port cluster continuously. The port cluster should determine different functions according to characteristics and advantages of different ports, and achieve a win-win situation and the optimal utilization of resources through differential development strategy. The port area of Shandong province is adjacent to Japan and South Korea, the key to achieve a long-term development is to strengthen cooperation with Northeast Asia, especially Japan and South Korea and participate in international cooperation and competition in a higher level and wider area.
2. Shandong must give full play to the advantages of ports with the strengths of the cities. "Develop ports with cities, use ports for cities" is the guiding ideology of the coordinated development of the port and hinterland. Therefore, when conflicts between ports and cities are confronted with each other, effective measures should be taken to promote benign interaction between ports and cities. Make the port as the core link of the industrial structure; promote the coastal cities' industry, business, trade and financial industry to close to the port, realizing the multi-function of ports and areas nearby.
3. Expand the level of opening to the outside world and promote regional development. Shandong Peninsula Blue Economic Zone has its particularity in location. Its participation in the cooperation and competition of the Northeast Asian economic circle with its "overall strength" means that Shandong regional economy has gained the cooperation and competition opportunities in a higher level and wider field. Shandong peninsula is on the brink of Bohai and the Yellow Sea. It is located in the core area of 10+3 (ASEAN + China, Japan and South Korea) economic circle. It is the forefront of trade between Japan, South Korea and China. Making Shandong Peninsula Blue Economic Zone a leading area for the cooperation with Japan and South Korea, speeding up the process to improve the open, safe and efficient economic system that has a internal and external linkage, win-win mechanism. It is not only conducive to comprehensively improving the level of internationalization of our province's economy, but also has strategic significance.
